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By Alfred S. Valerino and Leomerd E. Stitt

SUMMARY

An invesgtlgation was conducted in the NACA Lewls 8- by 6-foot
supersonic wind tunnel at free-stream Mach numbers of 0.10, 0.63, and
1.50 for a range of primary-nozzle pressure ratios and secondary weight-
flow ratiosto determine the effects on performance of varying the
ejector d.ia.meter ratio by similated iris flaps. Primary gas temperatures
from 1000° to 2000° R were obtained by cambustion of gasoline in the

- primary stream.

Results of the investigabion indicated that increases in both ejec-
tor gross force and secondary-to-primary total-pressure ratio were ob-
tained subsonically when the diameter retio was reduced from 1.54 to
1.17, thus reducing overexpsnsion losses. At a free-stream Mach number
of 1.5, reducing the diameter ratio to 1.17 resulbted in an Increasge
in ejector gross force only at the low secondary weight flows. At high
secondary weilght-flow ratios, the large-diameter~-ratio ejector yielded
the highest gross force.

INTRODUCTION

In order to obtain maximum thrust, an engine which operates with
and without an efterburner over a wide range of flight speeds requilres
an exhaust nozzle in which the expansion ratioc as well as the throat area
is variasble. These ares variations should be independent for optimum
thrust performsnce. One method for independent control of expansion
ratio is the use of an ejector nozzle with a varisble shroud diameter
{(varied by means of iris-type flaps) as well as & primary-nozzle diameter.

The present investigation was part of an over-all study that was
canducted in the Lewls 8- by 6~fool supersonic tumnel to evaluate the
performance of a series of ejectors at subsonic and supersonic flight
speeds. References 1l and 2 report the performance with the primsry noz-
zle in the similated afterburner-on and afterburner-off positions and
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with the shroud dlameter set at large values corresponding to high-
pressure-ratio coperatlion with the afterburner on. This report presents
the experimental gross-force and pumping characteristics of a serles of
ejectors in which the primery nozzle was In the afterburner-off position
but where the dilameter ratio of the ejector was varied by simulated iris-
flap configurations on the afterbody shroud.

The investigation was conducted at free-stream Mach numbers of 0.10;
0.63, and 1.50 over & range of primary-nozzle pressure ratlos and second-
ary weight flows. The tempersture of the gas through the primary nozzle
varied from 1000° to 2000° R.

SYMBOLS

The following syunbols are used in this report eand scme are shown in
the following sketch:

Mos Po

Wgs Ty, Pg \
A
WP P TP s Pp : Dy, Dg
//
r&—ji—'—
A ares, sq in.
Ce discharge coefficient, ratio of measured mass flow to isentropic

one-dimensional mass flow
D exit diameter, in.
Dy/D,  diameter ratio
d drag
thrust or force, 1b

M Mach number -
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P total pressure, 1b/sq ft
P P/po pressure ratio, ratio of total to free-stream static pressure
P static pressure, 1b/sq ft
5 spacing, distance from primary-nozzle exit to shroud exit, in.
S/DP spacing ratio

totel temperature, °R

weight flow, 1lb/sec

Ws Tg
= 1l==—  corrected weilght-flow ratio
W
pIP
Y ratioc of specific heats
Subscripts:
a boattail
e eJector
J Jet
D primary nozzle
8 secondary passage
0] free gtream

APPARATUS AND PROCEDURE

Ingtallation. - The model installstion in the Lewis 8- by 6-foob
supersonic wind tunnel is shown by the schematle drawlng and photograph
in figures 1(a) and (b), respectively. Air, which was preheated to
250° F, was introduced into the model through two hollow support struts.
A detailed discussion of the model installsetion in the tunnel is pre-
sented in reference 3. The temperature of the gas through the primary
nozzle was varied from 1000° to 2000° R by a gasoline combustor shead of
the nozzle (see ref. l). A pchematic diagrem of the model showing per-
tinent external model stations and internal detalils is presented in filg-
ure 2. The externasl shrouds Investigated were mounted at station 70.61.
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Ejector configuretions. - Bketches and pertinent dimensions of the
eJectors investigated are presented in figure 3 together with tables of
internal contour coordinates of the shrouds. The primary nozzle, which
was the same for all the shroud configurations investigated, had a throat
dismeter of 2.82 inches simulating the afterburner-off case. The collar
around the primsxry nozzle simulated a portion of an actual nozzle céntrol
mechenism. The ejector configurations are designated either by two num-
bers or by two numbers followed by cne or two letters; the first number
indicates the dismeter ratio D /DP’ the second number indicates the
spacing ratio S/Dp When the two numbers are followed by the letters
I or SI, the ejector utilizes iris or shrouded iris flaps. Shrouded
iris flaps alter the intermal contour of the extended shroud but not the
external contour. '

The ejector configurations investigated were developed fram a hagic
configuration having a diameter ratioc of 1.97 and a spacing ratio of zero
(fig. 3(a)). The shroud was extended as would be necessary for satis-
factory afterburner-on performsnce at a degign flight Mach number of 1.9.
In these studies, with the afterburner off, this extended shroud config-
uration has a dlameter ratio of 1.54 and a spacing ratio of 1.11 (f:!.g
3(b)). To decrease the Jet overexpansion at the lower primary-nozzle
pressure ratios, the dlameter ratio was decreased to 1.35 and 1.17 while
maintaining approximately the same spac ratio by use of simulated 1ris
and shrouded iris flaps (figs. 3(c) to j.n?) It should be noted that the
flap angularities of the shrouded iris-flap configurations differ from
those of the iris-flap configurations.

Dats reduction. - The method of force measurements and the'reduc-
tion of these data are described in reference 1. Model total welght
flow was obtained from the sharp-edged orifice shown in figure 1(a) and
from rotameters that measured prebeater and main combustor fuel flow.
Primery-nozzle welght flow W was calculated by subtracting the cali-
brated secondary weight flow W from the total weight flow. Primary-
nozzle total pressure was obta.:l.ned from the static pressure measured at
station 70.16 and the Mach number determined from the nozzle-area ratio
and the nozzle discharge coefficlent Cp. The nozzle discharge coeffi-
cient, defined as the ratio of actual to 1deal weight flow, was determined

experimenta:l_],v with preheeted air only. Primary-nozzle total temperature
was obtained from comtinuity relations where total pressure, weight flow,
and discharge coefficient were known.

Bosttall drags of ejector 1.35-1.13181 were cealculated by an Inte-
gration of beattall static pressures obtained from eight static orifices
shown in figure 3(c). The shrouded flap drags of ejector 1.17-1.11S1
were evaluated from four static orifices located on the flaps as shown

in figure 3(e).
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RESULTS AND DISCUSSION
Ejector Performance

Presented in figure 4 for free-stream Mach numbers My of 0.1,
0.63, and 1.50 are the ratios of ejector secondary-to-primary tobal
bressure and ejector gross force as a function of corrected weight-flow
ratio for constant values of primsry-nozzle pressure ratio. The gross
ejector force is presented as a function of the jet thrust of the pri-
mary nozzle F J’p » determined experimentally at jet stream temperatures
of 1000° to 20000 R, and shown in flgure 5. The ejector gross force is
defined as the sum of the measured thrust minus drag and the jet-off
external drag of ejector 1.97-0. The gross force thus includes the
ejector Jet thrust plus any difference in external afterbody drag be-
tween the experimentsl ejector and the reference ejector 1.97-0. Al-
though these data cammot be directly compared with ejector intermsl
thrust data, a relative comparison of configurations is permitted.

To facilitate the comparison of configurations, the experimental
data of figure 4 were used to obtain the cross plots of secomdary-to-
primary totel-pressure ratioc and gross-force ratio as a function of
nozzle pressure ratio presented 1n figure 6. Data points are shown only
to distinguish free-gtream Mach number since the curves represent inter-
polated values., On each of the curves of figure 6, the value of primary-
nozzle pressure raetio supplied by a typical present day engine is indi-
cated for each of the three values of free-gtream Mach number.

A downward shift of gross-force ratio occurred for & change in Mach
number from subsonic values to a supersonic value of 1.50. This shift
resulted from decreases in the local static pressures on the boattail
and in the secondary-passage regions associasted with the supersonic ex-
ternal streem expansion. Gross-force ratio increased wlth Increasing
secondary weight flow because of the reduction of jet overexpansion
losses. Increases in secondary weight flow also decreased the downwerd
shift in the gross-force-ratio curves resulting from the Mach number
change from 0.63 to 1.5. Thisg decrease in downward shift was less pro-
nounced for the small-diameter-ratio flap configurations.

Figure 7 presents the variatlon of ejector gross-force ratlo and
pumping characterigtics as a function of free-streem Mach number. These
data were obtained from figure 6 for the values of nozzle pressure ratio
corresponding to & typical engine operating schedule. Since the primary-
nozzle pressure ratlos are relstlvely low at subsonic speeds (PP Po
equal to 2.5 and 3.4 at free-stream Mach numbers of 0.10C and 0.63, re-
spectively) , the jet 1s increasingly overexpanded as dlameter ratio is
increased. As a result, the ejector gross-force ratios of the high-
diemeter-ratio ejectors are low, while the ejectors having the lower
diameter ratio of 1.17 had a higher gross-force ratio. At the supersonic
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Mech number of 1.5, the ejector gross force of the large-diameter-ratio
eJector remasined low for small secondary weight flows since the potential
Improvement due to increased pressure ratic was nullified by the adverse
stream effects discussed previously and in reference 2. Incresse in
secondary weight flow lmproved the ejector gross force by decreasing
overexpansion in the ejector and by reducing the adverse external

stream effects.

An increase in free-stream Mach number from 0.63 to 1.5 with ejector
1.17-1.00I resulted in a reduction in gross-force ratioc st all values of
secondary weight flow. This reduction was due to the increase in base or
boatitail drag. At a free-stream Mach number of 1.5, up to and including
the secondary weight-flow ratlio of 0.15, ejector 1.17-1.001 was superior
on & gross-force basgis over the cther ejectors investigated since it is
more neerly slzed properly for the availsble pressure ratio Pp/PO' When
the secondary welght-flow ratio was increased to over 0.15, the superior-
ity of elector 1.17-1.00I over the other ejectors was marginal. This
marginal superiority was ln part caused by the decrease in the primsry-
nozzle Jet thrust of the small-dlameter-ratlo ejector (associated with
the decrease 1n primary-nozzle discharge-flow cocefficients at high sec-
ondary welght flows, ref. 1) and in part by the limprovement in perform-
ance of the large-diameter-ratio ejeators.

The effect of reducing diameter ratio on the performance of the
eJectors is summarized in figure 8. For subsonic external flow, decreases
in dismeter ratio resulted in an incriease in gross force over that of
ejector 1.54-1.11. This gain in grogs force increased with increasing
secondary flow. The iris-flap conflgurations generally exhibited gross-
force characteristics slightly superior to the shrouded iris-flap con-
figurations. At a Mach nmumber of 1.5 and at low secondary weight flows,
ejector 1.17-1.001 again yielded the highest gross force. At these low
veight-flow ratios, the gross force of ejectors 1.35-1.11SI and 1.54-
1.11 were comparable. When the secondary welght-flow retlo was increased
to 0.35, highest gross force was obtained with the largest-diameter-ratio
ejector, 1.54-1.11.

Boattall Drag

Some indication of the magnitude of the boattail drag of ejector
1.35-1.118T is cbtained from figure 9 where the drag ls presented as a
percentage of the measured primary-nczzle jet thrust. In general, for
a given value of free-stream Mach number, the boattall drag ratio de-
creased with Increas values of both secondary weight flow and primary-
nozzle pressure ratio (ref. 4). The boattail drag ratio increased as
free-gtream Mach nunber was increased. At a Masch number of 1.5 and at
a typical nozzle operating point (Pp/bo = 6.7), the maximum boattail drag
corresponded to approximately 8 percent of the nozzle Jet thrust. At
subsonic speeds, however, the boattall drag wes relatively low in value.

e
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Shrouded Iris-Flap Force

The flap force camputed for ejector 1.17-1.11SI1 is presented in
figure 10. Drag forces were obtained at Mach numbers of 0.10 snd 1.5.
However, at Mach number 0.63, a small thrust force was cbtained. The
flap force reached a maxlimm of 5 percent of the primsry-nozzle thrust
at Mach number 1.5 for a pressure ratio of 4.75.

SUMMARY OF RESULTS

An investigation was conducted in the Lewis 8~ by 6-foot supersomic
tunnel to determine the effect on ejector performence of varylng diameter
ratio by similated iris flape. The investigation was conducted at Mach
numbers of 0.10, 0.63, and 1.50 over & range of primary pressure and
secondary weight-flow ratios. The following results were obtained:

1. At subsonlc speeds, reducing the ejector dismeter ratio from
excessively large values by either the 1ris or shrouded iris flsps gen~
erally resulted in Increases in ejector gross force and secondary-to-
primary total-pressure ratilos.

2. At a free-stream Mach number of 1.5, an increase in gross force
wag obtained at low values of secondary welght-flow ratio by decreasing
the ejector diameter ratio from 1.54 to 1.17. At very high values of
secondary weight-flow ratio (0.35), the best gross-force performence was
obtained with the large-dismeter-rstlo ejector.

Lewis Flight Propulsion Leboratory
National Advisory Cammittee for Aerconautics
Cleveland, Chio, March 1, 1955
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(b) Photograph of typical model without iris-f1lap modification.

Figumre l.- Concluded. Model installation in 8- by E-foot supersonic wind tumel, ©
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~—3.10

(c) Bjector 1.35-1.118I.
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Figure 3. - Ejector configuretions. (All dimensions in inches.)
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Shroud internsl contour

Fuselage statlion | Inside dfam-
eter, in.
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73.77 "4.86
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(e) Bjsctor 1.17-1.1151.

2.81

{f) Ejector 1.17-1.007I.
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45°

3.31

Figure 3. -Comcluded. Ejector configurations. (A1l dimensioms in inches.)
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Primery-nozzle Jet-thrust parameter, Fj,p/POAp
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